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iastolic Coronary Vascular Reserve: A New
ndex to Detect Changes in the Coronary
icrocirculation in Hypertrophic Cardiomyopathy
ob Krams, MD, PHD,* Folkert J. Ten Cate, MD, PHD, FACC, FESC,* Ste´phane G. Carlier, MD, PHD,†
. F. W. van der Steen, PHD,* Patrick W. Serruys, MD, PHD, FACC, FESC*
otterdam, the Netherlands; and Aalst, Belgium
OBJECTIVES The present study introduces a modification of the diastolic coronary conductance concept
that maintains its sensitive properties to detect changes in the coronary microcirculation in
human hypertrophy.
BACKGROUND Decrements of coronary flow in hypertrophy have been explained by changes in the coronary
microcirculation. No measure is available to detect these changes.
METHODS Doppler velocity catheters were introduced into the left anterior descending artery (LAD) and
left circumflex coronary artery (LCx) of patients with obstructive hypertrophic cardiomyop-
athy (HCM) (n  11) and into the LAD of cardiac transplant recipients (n  9). The
diastolic coronary conductance was measured at rest and after maximal hyperemia induced by
a bolus injection of adenosine. Diastolic coronary vasodilator reserve (DCVR) was calculated
as the hyperemic diastolic coronary conductance, divided by the coronary conductance during
resting conditions.
RESULTS Left ventricular outflow tract gradient in the HCM group (83 31 mm Hg) was significantly
higher (p  0.05). Septal wall thickness was significantly increased (p  0.05), while wall
thickness was unchanged in the posterior wall of the HCM group. The coronary flow reserve
was significantly decreased in the HCM-LCx region (to 64  7% of control) and in the
HCM-LAD regions (to 57  7% of control). The DCVR was only decreased in the
HCM-LAD (to 46 3% of control) and not in the HCM-LCx group (86 6%, p 0.05).
Esmolol did affect the pressure gradient and systolic shortening, but did not affect the
maximal diastolic conductance.
CONCLUSIONS The DCVR, in contrast with the coronary flow reserve, is decreased in those regions that
display a disturbance in the microcirculation and may, therefore, offer a new way to study
coronary adaptations in patients with hypertrophy. (J Am Coll Cardiol 2004;43:670–7)
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soronary flow reserve (CFR) has been widely used as an
ndex to evaluate functional disturbances in the coronary
irculation (1–5). However, decrements of CFR have also
een reported in response to changes in blood pressure
nd heart rate, parameters that are not directly related to
oronary vascular disease (1,3,5,6). To overcome these
onfounding factors, Mancini et al. (7–10) proposed an
lternative approach based on pressure-flow loops. They
howed that the coronary conductance during hyperemia
as less dependent on changes in end-diastolic pressure,
eart rate, and aortic pressure as the “classical” CFR. As
consequence, their approach detected epicardial steno-
is very sensitively in animals (7–9) and in patients
11,12).
Coronary flow reserve is also decreased in different forms
f hypertrophy (2,3). As hypertrophy is often accompanied
y changes in end-diastolic and aortic pressure, application
f the maximal coronary conductance concept may also be
From the *Department of Cardiology, Thoraxcenter, Erasmus MC, Rotterdam,
he Netherlands; and †Cardiovascular Center, OLV Hospital, Aalst, Belgium.
Manuscript received June 3, 2003; revised manuscript received August 6, 2003,mccepted September 9, 2003.ppropriate in hypertrophy. However, studies with experi-
entally induced hypertrophy have indicated that the max-
mal coronary conductance remains unaffected (13–15)
aking the original approach less suitable for application in
ypertrophy. In contrast, hypertrophy has been associated
ith an increased resting coronary blood flow, and an index
ased upon the ratio of baseline over hyperemic coronary
onductance might be a more appropriate index to detect
isturbances in the coronary microcirculation in hypertro-
hy. The first aim of the present study is to test this index
n humans with varying degrees of hypertrophic cardiomy-
pathy (HCM).
The underlying mechanisms of the reduced CFR in
ypertrophy have been ascribed to changes of the coronary
icrocirculation (13–18). Classical CFR is based upon
elocity averaged over the cardiac cycle and, therefore,
ncorporates both systolic and diastolic information. More-
ver, as systolic wall stress, left ventricular (LV) mass and
ontractility are changed in HCM; changes in this param-
ter are difficult to interpret. The conductance used in this
tudy is determined in diastole and might, therefore, be
inimally affected by the disturbed extravascular compres-
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hether the ratio of cardiovascular conductances depends
n the degree of (preceding) systolic compression, and 2)
hether this index is able to detect changes in the coronary
icrocirculation.
ETHODS
atient population. Studies were performed in two differ-
nt populations: patients with HCM (n  11), who were
eferred for cardiac catheterization, and a control group
onsisting of asymptomatic cardiac transplant recipients
HTX) (n  9) undergoing routine follow-up coronary
ngiography one to five years after transplantation. In-
ormed consent was obtained in all patients. Patients in the
CM group were symptomatic, New York Heart Associ-
tion class II or III, despite beta-blockade therapy and/or
herapy with calcium-antagonists. Six of 11 HCM patients
moked, one was hypertensive, and none of them were
iabetic. In all HCM patients, myectomy-myotomy was
erformed, and the tissue was collected for histological
nalysis. Left ventricular biopsies were obtained from the
ransplant patients to detect rejection.
atheterization procedure and study protocol. Medical
herapy was continued in all patients (Table 1). After
ntravenous administration of 10,000 IU heparin and 250
g acetylsalicylic acid, right heart catheterization was per-
ormed with a 7F balloon-tipped flow-directed thermodi-
ution catheter. A 7F temporary pacemaker was positioned
nto the right atrium. Left heart catheterization was carried
ut with a double-sensor high-fidelity pressure sensor pig-
ail catheter (Sentron, Roden, the Netherlands) for simul-
aneous recordings of LV and aortic pressures. The follow-
ng parameters were evaluated: mean central venous
ressure, mean pulmonary wedge pressure, LV systolic and
nd-diastolic pressure, and aortic pressures. After acquisi-
ion of these data, LV angiography and coronary angiogra-
hy were performed with standard techniques (1,11). A
oppler guide wire with a floppy distal end (Cardiometrics,
nc., Mountain View, California) was introduced through
n 8F guiding catheter and positioned at the midsegment of
he left anterior descending coronary artery (LAD) and
ircumflex coronary artery (LCx), respectively, to measure
Abbreviations and Acronyms
AUC  area under the curve
CFR  coronary flow reserve
DCVR  diastolic coronary vascular conductance reserve
HCM  hypertrophic cardiomyopathy
HTX  cardiac transplant recipients
LAD  left anterior descending coronary artery
LCx  left circumflex coronary artery
LV  left ventricular
QCA  quantitative coronary angiography
ROC  receiving operator curveoppler flow velocity at rest and after hyperemia. dHearts of patients with HCM and HTX were paced at a
onstant heart rate of 100 beats/min to keep myocardial
etabolism constant and avoid metabolic vascular adapta-
ions of the coronary bed during the determination of the
FR. After optimization of the settings of the velocity
ignal and 3 to 5 min after intracoronary injection of a bolus
f 2 to 3 mg isosorbide dinitrate, baseline recordings of flow
elocity and perfusion pressure were collected and digitized
t a sample rate of 125 Hz, for off-line analysis. Maximal
elocity was induced by an intracoronary bolus injection of
8 g adenosine. This dose of adenosine has been shown to
roduce maximal vasodilation in humans (11,12). The
easurements of coronary flow velocity, before and after
denosine, were repeated after appropriate positioning of
he Doppler wire in the LCx.
In a subset of patients with HCM (n  9), esmolol (500
g/kg/min) was infused to evaluate the effect of alterations
n extravascular compression on the coronary microcircula-
ion. To avoid concomitant changes in vasomotor tone,
aximal vasodilation was induced by an adenosine infusion,
hich was started during the infusion of esmolol.
oppler-derived conductance measurements. The sam-
le volume from the Doppler wire is positioned at a distance
f 5.2 mm from the transducer and has an approximated
idth of 2.25 mm. A power spectral analysis based on a Fast
ourier Transform algorithm is used, and the maximal
oppler shift is tracked and converted to the instantaneous
elocity values (cm/s) (11,12). This signal and the LV
ressure, the electrocardiogram, and aortic pressure are
able 1. Demographic, Echocardiographic, and
ngiocardiographic Characteristics of the Patient Population
nd Control Group
HCM Control
ge (yrs) 45.5  14.6 48.7  6.0
ymptoms
Angina 5 0
Dyspnea 9 0
Syncope 2 0
herapies
Beta-blockers 5 0
Ca-antagonists 5 8
Immunosuppression 0 8
Aspirin 0 5
Dipyridimole 0 4
chocardiography
IVS-Wth,ed 26  3 11  3*
PW-Wth,ed 14  1 11  1
IVS-Wth% 14  1 37  3*
PW-Wth% 29  2 38  1*
ngiography
QCAlad 3.0  0.8 3.0  0.5
QCAlcx 3.3  0.8 3.1  0.4
p  0.05 control versus HCM.
HCM  hypertrophic cardiomyopathy; IVS  interventricular septum; LAD 
eft anterior descending coronary artery; LCX  left circumflex coronary artery;
VSP  left ventricular systolic pressure; PW  posterior wall; QCA  quantative
oronary angiography; Wth,ed  wall thickness at end diastolic; Wth%  percentage
all thickening.igitized at a sample rate of 125 Hz with a commercially
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Coronary Reserve in Hypertrophic Cardiomyopathy February 18, 2004:670–7vailable Analog-Digital Converting system (Acodas,
ataQ Instruments, Akron, Ohio). The signals are ana-
yzed off-line with an in-house developed software package
Mathworks Inc., Natick, Massachusetts). Briefly, start and
nd of a series of heartbeats are selected manually, followed
y an automatic selection of individual heartbeats on the
asis of the derivative of LV pressure. The diastolic pressure
nd velocity points are identified on the basis of the maximal
elocity (start diastole) and the rise of the diastolic LV
ressure (end diastole), and pooled for each series of
eartbeats. Linear regression is then applied to obtain the
lope (coronary conductance) (Fig. 1) and zero-pressure
elocity intercept (Pzf ) (Fig. 1) of the regression line.
uantitative angiographic measurements. The guiding
igure 1. Representative recording of the aortic and left ventricular
ressure (A) and Doppler signals (B) and the construction of the pressure-
elocity loop (C). Indicated in the pressure velocity loop are the calculation
f conductance (cond) and the zero pressure velocity intercept (Pzf).atheter, filmed devoid of contrast medium, was used as acaling device. A previously validated on-line analysis sys-
em operating on digital images (ACA-DCI, Philips, Eind-
oven, the Netherlands) was used to calculate the end-
iastolic and end-systolic diameter of the LAD and LCx
nd the proximal part of the first septal branch. Care was
aken to select the portion of the segments in the LAD and
Cx where the sample volume of the Doppler wire was
ocated. The vessel diameters were used to calculate the
essel lumen area assuming a circular shape of the vessel.
his vessel area was multiplied with the spatially averaged
oppler velocity (assuming a parabolic profile) to obtain
oronary flow measurements in ml/min.
chocardiographic measurements. Two-dimensional
chocardiographic studies were performed with a commer-
ially available echocardiography machine (HP Sonos 5500,
ndover, Massachusetts). The heart was visualized from
tandard cross-sectional planes, and images were recorded
n videotape (VHS) for off-line analysis. Septal and poste-
ior LV wall thicknesses were measured in diastole from
oth the parasternal short-axis and long-axis views. From
he recordings on videotape, representative frames from the
arious cross-sectional planes were acquired to determine
eptal and posterior LV wall thickness with the aid of a
edicated software program. All data from the various
ross-sectional planes for the septal and posterior wall
hickness were pooled per location.
istological measurements. The myocardial material for
he HCM group (n  11) and the HTX group (n  9) was
xated with paraformaldehyde and immersed in 10% buff-
red formalin. A von Giesson staining was used for identi-
cation and analysis of intramyocardial small arteries. Oc-
urrence of dysplastic intramyocardial small arteries in each
egment was scored semiquantitatively according to the
ollowing scale: 1: 0% to 10%, 2: 10% to 25%, 3: 25% to
0%, and 4:50%. The degree of fibrosis was also evaluated
ith the elastic von Giesson staining. A semiquantitative
pproach was used, according to Maron (16), with the
ollowing scale: 1: 0% to 10%, 2: 10% to 25%, 3: 25% to
0%, and 4: 50%.
nalysis and statistics. The ratio of hyperemic over base-
ine conductance was calculated and referred to as diastolic
oronary vascular conductance reserve (DCVR). Coronary
ow reserve was calculated as the ratio of basal over
yperemic time-averaged velocity. Similar heartbeats were
nalyzed for the calculation of both indexes. We generated
receiving operator curve (ROC) for the classical CFR, the
ew DCVR, and the basal conductances with the data from
he control group and from the LAD and LCx regions of
he HCM group applying standard methods (19). The area
nder the ROC (area under the curve [AUC]) is often used
s a reliable statistical parameter to evaluate the quality of a
ew diagnostic parameter. In addition, the variation in the
onductance, the conductance ratio, the zero-flow pressure
ntercept, the Doppler velocity, and the CFR were quanti-
ed with the coefficient of variation.
All data are presented as mean  SEM. To evaluate the
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nd the control group, an analysis of variance was used
pplying a standard software package (SPSS, Chicago,
llinois), followed by a modified Student-Newman-Keuls
est for significant differences. The contribution of the
ypertrophic process to the decrements of the DCVR was
valuated according to a linear regression model. All statis-
ical tests were set at p  0.05.
ESULTS
atient characteristics. The HTX group, who served as
ontrols, had no cardiac complaints, and all of them had a
ormal coronary angiogram. The age distribution between
CM and control groups was similar (Table 1). However,
espite medical therapy with beta-blockers and/or calcium
ntagonists, most of the HCM patients were symptomatic
New York Heart Association II or III), while the recipients
ere symptom free. Furthermore, the HTX group showed
o sign of rejection as based on objective analysis of
iopsies. By quantitative coronary angiography (QCA),
oronary vascular diameters were similar in both groups.
ystemic hemodynamic. Left ventricular systolic pressure
nd end-diastolic pressure were significantly larger in pa-
ients with HCM as compared with controls. In addition, a
V outflow tract pressure gradient was present only in
atients with HCM (Table 2). Adenosine reduced end-
iastolic pressure in both groups. Esmolol reduced end-
iastolic pressure (from 15.7 to 9.5 mm Hg) and the AV
radient (from 75 to 55 mm Hg).
CA. Diastolic and systolic diameters of the LAD were
.3  0.3 cm and 1.4  0.3 cm, respectively. Adenosine
ncreased diameters to 3.0  0.8 cm and 3.3  1.0 cm for
iastole and systole, respectively (p  0.05 vs. control).
dditional esmolol did not affect the diameter in diastole
able 2. Hemodynamic Characteristics of the Patient
opulation and Control Group
Control
Rest Adenosine Esmolol  Adenosine
VSP 121  5 119  5
VEDP 11.6  1.9 5.4  1.4*
OP 120  5 119  5
V gradient 3  3 4  2
HCM
Rest Adenosine Esmolol  Adenosine
VSP 167  21 177  9 154  14
VEDP 22.3  2.2 15.7  2.3* 9.5  1.9*†
OP 103  5 105  4 98  5
V gradient 75  15 75  13 55  12†
p  0.05 vs. rest; †p  0.05 vs. adenosine.
AOP  aortic pressure (mm Hg); AV gradient  gradient over the aortic valves
mm Hg); HCM  hypertrophic cardiomyopathy; LVEDP  left ventricular
nd-diastolic pressure (mm Hg); LVSP  left ventricular systolic pressure (mm Hg).3.0  0.5 cm) or in systole (3.1  0.4 cm). cFR and diastolic conductance. At least 10 consecutive
eats were analyzed for the calculation of each variable
Figs. 1 and 2). Coronary conductance during resting
onditions increased progressively from a low level in the
ontrol group (0.8  0.1 mm Hg/s/cm) to a high value in
he septal region of the HCM group (1.8  0.2 mm
g/s/cm) with the LCx region in between both regions (1.2
0.3 mm Hg/s/cm) (Table 3, Fig. 3). Maximal coronary
onductances were similar for the LCx and LAD region in
he hypertrophic cardiomyopathy, and the LAD regions of
he control group (Fig. 3), resulting in a DCVR pattern that
esembled the minimal conductance (Table 3, Fig. 3).
oefficient of variation for the conductance during baseline
nd hyperemia were 9  9% and 9  8%, respectively. The
igure 2. Aortic pressure, left ventricular pressure (A), and Doppler
elocity (B) recordings from a typical hypertrophic cardiomyopathy patient
lus the reconstruction of aortic pressure-Doppler velocity loops according
o Mancini et al. (C).oefficient of variation for the DCVR was 15  12%.
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Coronary Reserve in Hypertrophic Cardiomyopathy February 18, 2004:670–7ero-velocity pressure intercepts (Pzf) were similar for
CM and control during resting conditions and hyperemic
onditions (Table 3). Coefficient of variation of the Pzf were
able 3. Coronary Flow and the Slope of the Pressure-Flow
oops Measured in the LAD and LCX of the HCM Group
n  11) and the LAD of the Control Group (n  9)
HCM-
LAD
HCM-
LCX Control
oronary flow (cm/s)
Basal velocity 34.1 7.0 33.4 8.3 20.2 3.5
Hyperemic velocity 53.5 12.1 59.0 12.7 49.3 6.9
CFR 1.5 0.2 1.7 0.2 2.5 0.3*‡
oronary conductance
(mm Hg/s/cm)
Basal conductance 1.8 0.2 1.2 0.3† 0.8 0.1*
Hyperemic conductance 2.5 0.3 3.0 0.3 2.6 0.4
DCVR 1.5 0.2 2.9 0.4† 3.3 0.5*‡
ero-flow pressure
intercept (mm Hg)
Basal conductance 49.9 13.2 41.8 17.4 39.2 22.7
Hyperemic conductance 47.1 19.6 41.9 18.8 26.7 15.3
p  0.05 HCM-LAD vs. control †p  0.05 LAD vs. LCX in HCM group
HCM-LCX vs. control.
Control  donor heart recipients; DCVR  diastolic coronary vasodilator reserve;
CM hypertrophic cardiomyopathy; LAD left anterior descending artery; LCX
left circumflex coronary artery; mm Hg/s/cm  millimeter mercury times seconds
er centimeter.
igure 3. Representative recordings of the pressure-coronary velocity
ardiomyopathy patients (HCM) (B, D) during resting conditions (A, B) and5  24% and 35  33% for baseline and hyperemic
onditions.
Doppler-derived diastolic velocities during baseline were
1.8  4.7 cm/s, 37.3  6.6 cm/s, and 34.4  9.0 cm/s for
he LCx, LAD, and control, respectively. During hyper-
mia, these values were 56.7  10.3 cm/s, 56.4  9.1 cm/s,
nd 80.3  12.1 cm/s. All values were nonsignificant
ifferent between groups and increased after hyperemia.
oppler-derived systolic velocities during baseline were 3.3
1.2 cm/s, 2.1  1.1 cm/s, and 9.2  2.6 cm/s for the
Cx, LAD, and control vessels, respectively, while these
alues during hyperemia were 6.4  2.4 cm/s, 7.9  3.5
m/s, and 27.5  5.0 cm/s. In both conditions, the systolic
elocity in the control vessel was larger than the systolic
elocities in the HCM-LCx and HCM-LAD vessels. Ratio
f diastolic hyperemic velocities over diastolic baseline
elocity was 2.3  0.8, 1.6  0.2, and 2.7  0.3, for the
Cx, LAD, and control group, respectively. These values
ere not significantly different.
The time-averaged coronary flow velocities during resting
onditions tended to be higher in HCM than in control
atients (Table 3). After hyperemia, coronary flow velocity
as similar for HCM-LAD, HCM-LCx, and control
in the heart transplant recipients (HTX) (A, C) and hypertrophicloops
after maximal hyperemia (C, D).
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n the LAD and LCx regions, which was slightly more
ronounced in the LAD region (Table 3). The coefficient of
ariation of the Doppler-derived velocities were 6  6%, 5
5%, and 11 10% for baseline, hyperemia velocities, and
FR, respectively.
The CFR in the HCM-LAD and the HCM-LCx region
ecreased to 57  7% and 64  7% of control, while the
FR in the HCM-LCx and HCM-LAD regions were
imilar. In contrast with the CFR data, the DCVR for the
Cx region was 86  12% (p  0.05 vs. control) of the
ontrol group, while the DCVR in the HCM-LAD region
as 46  3% of the control group (p  0.05 vs. control)
Fig. 4). Now the HCM-LAD and HCM-LCx DCVRs
ere different (Fig. 4). The ROC analysis revealed that the
UC for the CFR data tended to be smaller (0.76) than for
he DCVR data (0.85, p  0.05). In addition, a ROC
nalysis performed on basal conductances alone produced an
UC similar to the DCVR (0.86). Part of the variability of
he CFR and DCVR could be explained by the hypertro-
hic process itself, as both parameters were related to wall
hickness according to the following equations: CFR 
0.05 Wth 3.02 (r2  0.2, p  0.05) and DCVR 
0.12 Wth  4.4 (r2  0.7, p  0.05, Fig. 5).
During esmolol, the hyperemic coronary conductance did
ot change (3.1  0.5 and 3.1  0.9 mm Hg/cm/s, n  9).
urthermore, Pzf also remained unchanged (57  15 mm
g vs. 53  7 mm Hg, n  9), indicating that changes in
ystolic compression have minor effects on diastolic coro-
ary conductance.
chocardiography. End-diastolic septal wall thickness was
ignificantly increased in HCM as compared with HTX
Table 1, p  0.05). Percent wall thickening, an index for
egional contractile function, of the interventricular septum
as decreased (Table 2). Similar changes were noted for the
osterior wall; wall thickness was increased by 30%, and
igure 4. Relative changes in both the coronary flow reserve (solid bars)
nd the diastolic conductance reserve (open bars). *p 0.05 vs. control; op
0.05 vs. hypertrophic cardiomyopathy-left circumflex coronary artery
HCM-LCx). LAD  left anterior descending coronary artery.ercent wall thickening was significantly decreased (p  I.05). Esmolol reduced wall thickening of the posterior wall
rom 26 4% to 15 4% (p 0.05), and of the septal wall
rom 7  3% to 4  1% (p  0.06).
istological analysis. ARTERIOLAR DYSPLASIA. In the
ontrol group, only two specimens scored group II and IV,
esulting in an average score of 1.1. In HCM, however, this
core was 2.2 (range: 1.8 to 4.8, p  0.05).
IBROSIS. All individuals of the control group scored cate-
ory I (10% fibrosis), while the HC group scored 2.2
range: 1 to 4; p  0.05).
ISCUSSION
entricular hypertrophy is associated with disturbances in
he microcirculation leading to a decreased perfusion. In
ddition, in a subset of patients with HCM, extravascular
ompression may be increased due to the high LV pressure
r to changes in contractility accompanying this disorder.
o identify changes in the microcirculation apart from
hanges in systole, a diastolic flow index might be of value.
igure 5. Relation between wall thickness and coronary flow reserve (A)
nd diastolic coronary vascular conductance reserve (B) for all three vessel
erritories combined.n the present study, it could be shown that: 1) the diastolic
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Coronary Reserve in Hypertrophic Cardiomyopathy February 18, 2004:670–7onductance, during maximal hyperemia, was independent
f the preceding systolic compression; 2) a ratio of diastolic
onductances was sensitive in detecting perfusion abnormal-
ties in the septal bed of HCM patients, where disturbances
n the microcirculation were measured; 3) diastolic velocity
atio followed a similar pattern, but due larger variability is
ess suited to detect differences; and 4) no changes were
ound in the LCx region of HCM patients, while the
lassical CFR detected abnormalities. The latter finding is
robably due to the accompanying systolic extravascular
ompression, and might explain why the DCVR was better
orrelated with changes in the degree of hypertrophy than
he classical CFR. In addition, the changes in the DCVR
re (partly) explained by changes in the basal conductances.
his observation explains similarity in ROC analysis of the
CVR and basal conductances.
Hypertrophy is also accompanied by decrements in CFR
13–15). Convincing evidence has been presented relating
hanges in the coronary microcirculation to decrements in
FR (13–16). It is also known that extravascular compression
f the microcirculation is increased in hypertrophy (13–16). As
oth processes are present in HCM patients (16,17), it is of
mportance to develop an index sensitive for one of these
echanisms. Coronary flow reserve is based on time-averaged
alues and is, therefore, affected both by extravascular com-
ression and by changes in the coronary microcirculation.
We propose that the DCVR is less sensitive to extravas-
ular compression than the classical CFR, as esmolol did
ot affect hyperemic conductance. Esmolol did affect, how-
ver, local wall thickening and LV systolic pressure, which
mplies that, at constant heart rate, it affected myocardial
ontractility. Contractility and systolic LV pressure are the
ost important components of extravascular compression.
oncomitant hyperemia was induced to avoid vasomotor
hanges induced by the accompanying reduction in oxygen
onsumption induced by the reduction in pressure and
ontractility. A ratio of diastolic velocities, not including
ressure measurements, displayed a similar pattern as the
CVR signifying the diastolic behavior of the DCVR.
owever, the changes in this index did not reach statistical
ignificance. This lack of significance may be due to the
igh sensitivity of diastolic velocity to changes in aortic
ressure. The diastolic properties of the DCVR may explain
he discrepancy of the CFR and the DCVR in the LCx
egion. The DCVR, however, is only decreased in the
AD-perfused region that displayed disturbances in the
oronary microcirculation.
Increments in basal conductance with muscle mass reflect
he increased oxygen demand of the increased muscle mass,
hile the absence of an increased hyperemic conductance
ay be explained by a lack of growth of the coronary
icrocirculation. A lack of growth of the microcirculation
n hypertrophy has been described in the literature.
A large zero-flow pressure intercept was measured, which
s due to a combination of large linear extrapolation and
ncreased extravascular compression (3). The hyperemictenosis resistance index advocates also pressure and velocity
easurements to characterize stenosis resistance (20).
hile the application is different, the argument to measure
oth pressure and flow to detect changes in resistance is
imilar. Application of this technique to a large patient
roup clearly showed improvement in diagnostic possibili-
ies (20,21). The present study, with a much smaller number
f patients, showed a trend towards similar findings. Further
tudies are necessary to prove similar results.
ethodological considerations. The beta-blockers used
y the patients probably did not affect the global conclusions
f the present study, as the hearts were paced, thereby
orrecting for the negative chronotropic effect of beta-
lockers. Furthermore, as beta-blockers reduce myocardial
xygen demand, they tend to reduce basal flow velocity and
oronary conductance, thereby increasing CFR in HCM. In
ddition, dipyridamole was given in the control group only
four patients), which could affect the outcome of the
resent study. However, a subanalysis excluding these pa-
ients showed that maximal velocity and maximal conduc-
ance was similar as compared with the entire control group,
aking this interpretation less likely.
Adenosine was given in combination with esmolol to
void vasomotor changes induced by the concomitant re-
uction in myocardial oxygen consumption. Any difference
n velocity during adenosine with esmolol is, thereby, the
esult of changes in extravascular compression (22).
The effects of HOCM, adenosine, and esmolol on
CA-derived diameters (Coronary Angiographic Acquisi-
ion System [CAAS II]) were larger than its reproducibility
0.09 mm) and accuracy (0.00 mm), as previously reported
23–26). Both the CFR and the DCVR are not normalized
o changes in the size of the vascular bed. Therefore,
hanges with respect to the different beds may be masked.
o estimate these changes, CFR and DCVR were both
ivided by wall thickness. This normalization did not
hange the overall conclusions.
Although both baseline and hyperemic measurements
ere performed in a single patient, the DCVR and CFR
ndexes reported reduce these repeated measures into a
ingle number. Consequently, we applied a nonrepeated
nalysis of variance as a statistical test.
In conclusion, the ratio of hyperemic over resting con-
uctance (DCVR) can be measured with high accuracy in
atients with HCM and detects differences in HCM
atients with respect to control. As the DCVR was not
ensitive to systolic extravascular compression, and was
ssociated with disturbances of the coronary microcircula-
ion, it may be a new tool for studying changes in the
oronary microcirculation in human disease states where LV
ypertrophy is present.
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